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ABSTRACT 
 
Transcription factors (TFs) are the proteins which regulates 
the expression of their target genes either in a positive or 
negative manner. TFs realize this task by binding to a 
specific DNA sequence contained in promoter regions, via 
their DNA binding motifs. Among ETS family TFs, Pea3 
proteins are involved in the regulation of expression of 
genes, which are important for cell growth, development, 
differentiation, oncogenic transformation and apoptosis. In 
silico studies should be done to find out the novel target 
genes for this TF. Even though a few bioinformatics tools 
are available for this purpose, the user needs to go back and 
forth between different tools, and to repeat these steps for 
each of their candidate gene. Here we combined these tools 
and constituted a new tool which examines the affinity of 
any TF towards the selected target genes’ promoter 
sequences.  The tool is tested on several genes, which are 
predicted to be regulated by Pea3 TF. 
I. INTRODUCTION 
 
Transcription factors (TFs) are important proteins as they 
have key roles in regulation of their target gene's expression. 
They bind to the specific sequences on the genome which 
are called promoters. In certain cases, binding of multiple 
TFs are required to regulate the expression of the target 
gene. TFs can promote expression of a gene under certain 
physiological conditions and at specific cellular locations as 
well. It is crucial to determine the DNA sequences that TFs 
recognize, in order to find out which genes can be controlled 
by them. One way to determine these sequences is to find 
common DNA sequences in the upstream regions of the 
genes showing highly correlated expression level, assuming 
they are controlled by the same TF [1]. 
 
ETS (E26 transcription-specific) family of TFs are classified 
in the winged helix-turn-helix superfamily (wHTH) and 
posses a functional domain which involves evolutionarily 
preserved 85 amino acid residues. This conserved functional 
domain enables binding to a purine-rich DNA sequence with 
central 5‟-GGAA/T-3‟ core sequence; DNA binding 
inhibition and transactivation. ETS family TFs can be 
subdivided into 30 protein members and one of its members 
is the Pea3 group proteins. Pea3 TFs are involved in the 
regulation of gene expression, which is important for cell 
growth, development, differentiation, oncogenic 
transformation and apoptosis. The subdivision of this family 
is done according to their distinct DNA binding specificities. 
The affinity of binding is determined by the ETS domain 
depending on whether it is in the amino terminal or carboxy 
terminal, the sequence of ETS domain and the DNA 
sequence neighbouring to the 5‟-GGAA/T-3‟ central core 
[2]. 
 
Our preliminary studies focus on the identification of the 
downstream elements of Pea3 TF. In order to reveal novel 
target genes for Pea3, in silico studies should be performed as 
the first step. To realize this task, we first utilized online 
bioinformatics tools i.e., TFSearch, Transcriptional 
regulatory element database (TRED) [3] and Promo [4] 
manually, which requires extra time and it is an extremely 
cumbersome process. Next, to automate this process, we 
have developed a tool which utilizes existing bioinformatics 
tools and determines specific target genes and their promoter 
sequences and then examines specifically the affinity of the 
queried TF (Pea3 in this case) towards these sites. 
 
In our new tool, specified regions (mostly upstream regions) 
of more than one gene of interest can be retrieved and 
automatically searched for binding motifs of queried TF.  
 
 
 
*To whom correspondence should be addressed. 
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II. RELATED WORK 
In literature, there are many different databases and tools to 
analyze and predict the promoter regions and binding sites 
of TFs. The discussion of all these tools is beyond the scope 
of this study. Instead, here we will review two most 
commonly used databases relevant to our goal. 
 
First database of interest is TRED [3], which uses the cis- 
and trans- regulatory elements to provide access to the 
queried data by the user. The functionalities of TRED are: 
genome-wide mouse, human and rat promoter sequence 
annotation, TF binding and regulation information, sequence 
analysis tools, capability of retrieval of TF motifs, finding 
the relation of promoter sequences and TF binding 
information.  
 
Second relevant database is Promo [4], which gives the 
information about the binding affinity of the selected TF in a 
single sequence or multiple sequences. The functionalities of 
Promo are: enabling selection of the related species or a 
group of species to retrieve the matrices that are related to the 
selected taxonomic level, giving information about the 
possible related genes that might be regulated by the queried 
TF, ability to analyze more than one sequence at a time. 
Promo uses the TRANSFAC database [6], which has the 
largest eukaryotic DNA binding sequences [4]. Hence, it is 
more advantageous to use Promo [4], compared to other 
publicly available databases [7]. 
 
     III. METHOD 
 
The proposed work aims to gather information from two 
separate databases and combining their results in an 
automated way. 
The user interface of the tool developed allows the user to: 
 
i. select the species among human, mouse or rat;  
ii. select or enter the gene names that the user is 
interested in and the region of the sequence 
where the TF motifs may be found; 
iii. select the TFs that are wanted to be searched on 
the selected  potential promoter sequences. 
 
In the first part of this study, TRED database is used to get 
the user specified regions (mostly upstream regions) of the 
user specified gene(s) where the promoter sequences may be 
found, as shown in Figure 1. As a result of this step, our tool 
gets the promoter sequences in FASTA format. In case the 
promoter sequences will be used for further analysis, it 
downloads the information about potential promoter 
sequence regions to a file called FastaSeq_Result.txt as 
shown in Figure 2. 
In order to search for the binding regions of the queried TF 
(Pea3 in this study) on these potential promoter sequences, 
the second database 'Promo' is used, which constitutes the 
second part of our tool. Even though the first part receives 
the specie(s) input through the interface, the second part of 
the tool does not ask the user to select any species because 
the default selection is already set to „All factors’ -‘All sites’. 
Next, our tool wants the user to select the TF that is wanted 
to be searched. The tool also gives the option of searching 
multiple TFs at the same time. For the purpose of this study, 
the TF Pea3 is chosen. After the selection of the TF, the 
program automatically submits the promoter sequences that 
were in FASTA format to be able to get the final analysis 
results from Promo. This step gets the profile matrices of the 
chosen TF and calculates the binding affinities against the 
submitted promoter sequences. The final result of the 
analysis is given to the user in the file named TF_Result.txt. 
In Figure 3, the format of the final result can be seen. For 
each promoter sequence that is analysed, there is 
information about the sequence name, TF‟s name, its start 
and end position, dissimilarity value -that we are mostly 
interested in, the string and the random expectation (RE) 
values i.e. RE equally and RE query [5]. 
The dissimilarity rate measures the variation of the found TF 
binding sequence from the known motifs for the queried TF. 
The tool searches for motifs with the dissimilarity margin 
less than or equal to %15, which is selected as the threshold. 
Among all of the final dissimilarity values, the ones with the 
minimum dissimilarity rates are pointed out to be used for 
further studies. 
The sequences that are taken from TRED in the first step can 
also be used for scanning for multiple TF binding motifs 
automatically. Our tool is developed in Perl and the source 
code is available upon request. 
 
          IV. RESULTS 
 
In this study, since we are mainly focused on Pea3 TF, the 
genes that might be related to the Pea3 TF are used for the 
analysis. We initiated our search to query the Pea3 binding 
sites of NeuroD and AMFR (Autocrine Motility Factor 
Receptor) genes. These genes are functionally related and 
assumed to be controlled by Pea3. 
 
AMFR is recognized as metastatic gene marker for breast 
cancer [8]. Since Pea3 is a pivotal regulator for breast cancer 
progression [9], AMFR is considered as a good target for 
Pea3. By using our newly developed tool, Table 1 lists the 
binding affinity scores of Pea3 against several candidate 
genes‟ promoters. AMFR has the dissimilarity score of 0, 
showing that Pea3 motif occurs in the upstream region of this 
gene and this gene is highly likely to be regulated by Pea3. 
We are currently in the process of cloning the AMFR 
promoter region into the expression vector to verify the 
binding of Pea3 to this region. 
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Figure 1. The flow and the user interface part of the tool. 
 
Figure 2. The execution of the program, which generates two output files: the sequence and the TF-promoter sequence relational result.
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Figure 3. The final result in txt format presents all the prediction details for predictions with dissimilarity rate <= 15. 
 
  
The involvement of NeuroD in neuronal differentiation [5] 
as our TF makes NeuroD a putative target for Pea3. This 
putative regulatory relation between NeuroD and Pea3 has 
been also shown by luciferase reporter assays; such that the 
presence of Pea3 significantly up-regulated the NeuroD 
promoter. Binding affinity of Pea3 to MMP-9 (matrix 
metalloprotease 9) has been previously shown in literature 
[10], thus MMP-9 is used as positive control. As expected, 
we observed that the binding affinity of Pea3 to the 
promoter region of MMP-9 is relatively high (0.0% 
dissimilarity rate for Promo 3.0)  
In addition to those, the genes taking roles in nervous 
system development, i.e, Ephrin-B2 and Presenilin-1; in 
extracellular matrix organization, i.e, RECK (Reversion-
Inducing-Cysteine-Rich- Protein),  Alox15b (Arachidonate 
15-lipoxygenase type B) and in angiogenesis i.e, 
angiopoietin were scanned to reveal the possible TF binding 
sites within their promoter regions. As mentioned earlier, the 
cellular functions of these genes overlap with the 
downstream effects of the Pea3 TF, thus making them 
considerable for being targets of Pea3. The binding affinity 
of Pea3 to the promoter regions of these genes of interest is 
also summarized in Table 1, using the minimum 
dissimilarity rate measure. 
 
 
V.  CONCLUSION 
In this study, we have analysed the promoter regions of the 
genes of interest in terms of the TF Pea3 binding affinity. 
Pea3 is found to have key roles in regulation of gene 
expression, related to cell growth, oncogenic transformations 
and metastasis, NeuroD and AMFR are selected among many 
other genes as they are functionally similar to each other and 
they both may be regulated by Pea3. The analysis shows that 
both have Pea3 binding sites. The new tool that has been 
developed uses online available tools TRED and Promo 
database to automatically determine the binding affinities of 
the upstream re regions of these genes to Pea3. In future 
studies, we aim to upgrade our tool So that it will be possible 
to investigate all the genes for the selected organism and 
display the binding affinities of the user selected TFs to these 
genes ranked according to their binding affinity. Hence, 
querying via TFs name, novel promoter regions could be 
discovered in shorter time frame. The new tool will search 
the whole genome for the possible binding sites of the 
selected TF. Users will also be able to search for genes 
regulated by multiple TFs. The tool will give the user, the 
related gene list possibly regulated by the selected 
transcription factors both individually and together. 
 
We hope our study facilitates the research in this field via 
automatically detecting the binding affinities of selected TFs 
to their target genes. This could be especially important for 
the TFs such as Pea3, which is used here as a case study, to 
prevent neurological disorders and to find solutions to cancer 
patients in the risk of metastasis. 
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Table 1. The genes that are used in the process of testing the 
tool and the dissimilarity scores of the potential promoter 
regions. 
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Property(minimu
m dissimilarity 
percentage rate ) 
NSC1 – 
Nonselective cation 
channel 1 
Mus 
musculus 
Methyltransferas
e Activity 
1.70 
Alox15b - 
Arachidonate 15-
lipoxygenase, type B 
Mus 
musculus 
Regulation of cell 
proliferation and 
migration 
0.21 
Hfe - 
Hemochromatosis 
Homo 
sapiens 
Antigen 
Processing And 
Presentation 
1.07 
RECK - Reversion-
Inducing-Cysteine-
Rich Protein 
Homo 
sapiens 
Extracellular Matrix 
Organization 
0.63 
ANGPT – 1 
Angiopoietin 
Homo 
sapiens 
Angiogenesis 0.21 
C4.4A – Metastasis 
associated GPI-
anchored protein 
Rattus 
norvegicus 
Cell matrix adhesion 0.21 
PSEN 1 – Presenilin 
– 1 
Homo 
sapiens 
Epithelial cell 
proliferation and 
brain development 
0.21 
UMOD – 
Uromodulin 
Homo 
sapiens 
Regulation of cell 
proliferation 
0 
MMP7 – Matrilysin 
Mus 
musculus 
Degradation of ECM 0.63 
CTNNA3 – alphaT-
catenin 
Homo 
sapiens 
Cell-cell adhesion 0.21 
EFNB2 – ephrin-B2, 
Homo 
sapiens 
Nervous system 
development 
0 
AMFR – autocrine  
motility factor 
receptor 
Homo 
sapiens 
Signal transduction 
for metastasis 
0 
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